ABSTRACT Three independent trials were conducted to determine the effects of high frequency electrical stunning followed by decapitation on broiler breast meat rigor development and meat quality. All birds were stunned and half of the birds were killed using a conventional unilateral neck cut, half were killed by decapitation, and both groups were allowed to bleed for 90 s prior to scalding and picking. New York dressed carcasses were chilled in a static ice-water bath for 90 min and held at 2°C prior to deboning. Breast fillets were removed from the carcasses at 2, 4, and 24 h postmortem. From the right
INTRODUCTION
The effects of electrical stunning on the rate of rigor mortis development in poultry have been extensively researched. The effects of various electrical stunning systems on the rate of early postmortem metabolism (glycolysis, lactic acid accumulation, ATP depletion, sarcomere lengths, R-values, etc.) and the effects on ultimate muscle pH and meat quality have been reported by numerous authors (including Lee et al., 1979; Thomson et al., 1986; Kim et al., 1988; Murphy et al., 1988; Papinaho and Fletcher, 1995a,b) . Electrical stunning has also been shown to negatively affect early blood loss (Kotula and Helbacka, 1966; Kuenzel and Ingling, 1977; Murphy et al., 1988; Papinaho and Fletcher, 1995a) but not ultimate blood loss (Schutt-Abraham et al., 1983; Gregory, 1993) . Electrical stunning has been shown to have little effect on breast muscle pH and R-values after 4 to 6 h postmortem (Papinaho and Fletcher, 1996) . High frequency, low voltage electrical stunning has been shown to delay the onset of rigor mortis, especially when compared to high current stunning (Craig and Fletcher, 1997) or when compared to postmortem electrical stimulation (Craig et al., 1999) .
The effects of alternative methods of stunning and killing on rigor development have also been reported. Gas To whom correspondence should be addressed: fletcher@uga.edu.
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breast fillet, R-values and pH were determined at time of deboning. The left fillet was wrapped in plastic and held for 24 h at 2°C prior to determining lightness (L*), redness (a*), yellowness (b*), cook yield, and Allo-Kramer shear. Deboning time affected raw meat pH, R-value, cook loss, and shear value but had no effect on color. The breast meat from the decapitated birds had significantly higher pH values at 2 and 24 h postmortem than the conventionally killed birds. Other than for the effect on breast meat pH, decapitation had no effect on rigor development, R-value, meat color, or meat quality as measured by cooked-meat yield and Allo-Kramer shear. stunning and killing has been shown to accelerate the rate of rigor development (Mohan Raj and Gregory, 1990; Flemming et al., 1991; Poole and Fletcher, 1998; Kang and Sams, 1999) . Lambooij et al. (1999) reported that captive bolt stunning using air pressure, when compared to high current electrical stunning, produced significantly lower pH values in breast muscles up to 140 min postmortem.
The use of high frequency electrical stunning followed by decapitation has been shown to have little negative effects on 24 h carcass and meat quality (McNeal et al., 2002) . The authors attributed this to the ability of high frequency electrical stunning to override the postmortem muscular contractions that are associated with accelerated rigor. The purpose of this project was to compare the effects of high frequency electrical stunning followed by conventional neck cutting or decapitation on early rigor development and meat quality.
MATERIALS AND METHODS

Processing
In each of three independent trials, 120 birds were obtained from the live holding area of a commercial processing plant, transported to the university pilot processing facility, and slaughtered immediately (within 1 h). In each trial birds were stunned using a commercial stunner 2 set at 14 V, pulsed direct current at approxi- mately 500 Hz for 18 s, followed by 14 V, 60 Hz alternating current for 9 s. Half of the birds were killed manually with a knife using a conventional unilateral cutting of the carotid artery and jugular vein, and half were killed by manual decapitation with a knife. Birds were allowed to bleed for 120 s, scalded 3 at 54°C for 120 s, and picked 4 for 30 s using commercial in-line equipment. Carcasses that were not eviscerated (NY dressed with the heads and feet removed) were chilled in a static ice-water slush for 90 min, drained, covered with ice (allowed to drain), and held at 2°C until deboning. At 2, 4, and 24 h postmortem, one-third of the birds from each killing treatment were removed from the ice, and the breast fillets (pectoralis major) were deboned from both sides of the carcass. The right side was used immediately for pH and R-value determination. The left side breast fillets, for the 2-and 4-h samples, were placed on trays, covered with plastic (to avoid surface drying), and held 24 h at 2°C for subsequent breast meat color, cook yield, and Allo-Kramer shear determination. The 24 h deboned breast fillets were analyzed immediately upon deboning.
Analyses
Tissue samples were removed from the right breast muscle for pH and R-value determinations. Breast muscle pH was determined using a modification of the iodoacetate method of Jeacocke (1977) as described by (Qiao et al., 2001 ). R-value, the ratio of adenosine to inosine nucleotides, was calculated by absorbence at 250 and 260 nm as described by Honikel and Fischer (1977) . Color was measured on the 24 h postmortem breast fillets in triplicate using the International Commission on Illumination (CIELAB) color values of lightness (L*), redness (a*), and yellowness (b*) and a reflectance colorimeter 5 as described by (Qiao et al., 2001) . Cook yield was determined 3 Cantrell Model SS300CF, Cantrell Machine Co., Inc., Gainesville, GA. by dividing the weight of the cooked sample by the weight of the raw sample times 100. Shear values were determined using an Instron Universal Testing Machine 6 equipped with an Allo-Kramer shear cell on a single core removed from each cooked breast fillet as described by Papinaho and Fletcher (1996) .
Statistical Analyses
Multiple color readings were averaged for each individual breast fillet. Data were analyzed using the ANOVA option of the general linear models procedures of SAS software (SAS Institute, 1988) . For each test measurement, data were analyzed for main effects of kill treatment (conventional or decapitation) and trial (1, 2, and 3), and treatment-by-trial interactions were tested using residual error. When treatment-by-trial interactions were significant, the interaction mean square error was used to test treatment main effects. Means were separated using Duncan's multiple-range test option of the general linear models procedure (SAS Institute, 1988) , using the appropriate mean square error as described above.
RESULTS AND DISCUSSION
The results for pH and R-values are presented in Table  1 . Breast muscle pH values decreased as postmortem deboning times increased from 2 to 4 h but with no difference between the 4 and 24 h postmortem times for both methods of killing. Decapitation resulted in significantly greater pH values than the conventional killing at 2 and 24 h, 6.25 vs. 6.07, and 5.92 vs. 5.83, respectively, but there were no significant differences between kill treatments at 4 h postmortem (5.97 vs. 5.90). These results are in contrast to earlier results in which decapitation had no significant effect on pH at 24 h postmortem (McNeal et al., 2002) .
R-values, the ratio of adenosine to inosine nucleotides, increased significantly with increasing postmortem deboning times at 2, 4, and 24 h for the breast meat from conventionally killed birds. R-values increased significantly between 2 and 4 h postmortem for breast meat from the decapitated birds, but there was no difference between the 4 and 24 breast meat R-values. However, there were no significant differences in R-values between the two killing treatments at any of the postmortem deboning times.
Results for CIELAB color values of the filets aged 24 h are presented in Table 2 . There were no significant differences between the conventional and decapitation methods of killing for any of the three color values (lightness, redness, or yellowness). In a previous report (McNeal et al., 2002) , breast meat deboned at 24 h from decapitated birds resulted in a small, but significant, increase in redness, 2.6, compared to 2.4 for the conventionally killed birds.
Results for 2, 4, and 24 h postmortem deboned breast meat cook yield and Allo-Kramer shear are presented in Table 3 . There were no differences in cook yield between the 2 and 4 h postmortem fillets. Conventional cook yields were 74.1 and 74.8% and decapitated cook yields were 75.4 and 75.0% for deboning at 2 and 4 h, respectively. The fillets removed at 24 h postmortem had significantly lower cook yields of 72. 4 and 73.4% for conventional and decapitated kill treatments, respectively, than cook yields from 2 or 4 h postmortem. This effect may be due to lower water-binding capacity associated with the significantly lower pH of the breast meat deboned at 24 h postmortem (Table 1 ). There were no significant differences in cook breast meat yields between the two killing treatments at any of the deboning times.
The results for the Allo-Kramer shear values were consistent with numerous previous reports on the effects of deboning time on breast meat tenderness (Papinaho and Fletcher, 1996; Kang and Sams, 1999; Zocchi and Sams, 1999) . Shear values decreased with increased postmortem breast meat deboning times and were significantly different at 2, 4, and 24 h for both killing treatments. However, there were no significant differences in shear values between the two methods of killing at any of the three deboning times.
These results indicate that decapitation following high frequency electrical stunning has little effect on 24 h postmortem meat quality, except for pH. These results, except for the difference in pH and redness, are consistent with those reported by McNeal et al. (2002) .
The difference between conventional and decapitation at 2 and 24 h postmortem-deboned breast meat pH values could be due to differences in muscular activity during slaughter. McNeal et al., 2002 reported that there was little difference in bird activity between conventional and decapitation following high-frequency stunning. The main difference is that the decapitated birds appear to die quicker and have less physical motion after 60 s postkill. The difference in pH could reflect the decreased postmortem muscular activity, which has previously been shown to slow early postmortem pH decline and rigor development (Papinaho et al., 1995) .
